Introduction
Postnatal docosahexaenoic acid (22:6ω3; DHA) status has been found to be related to e.g. visual acuity, neurodevelopment and behaviour. DHA and other long chain polyunsaturated fatty acids (LCPUFA) are nowadays widely considered to be essential in the pre-and early postnatal periods, because the synthesis of LCPUFA from their precursors, α-linolenic acid (18:3ω3; ALA) and linoleic acid (18:2ω6; LA), does not seem to cover the infants' high needs at this stage of development. Breastmilk contains in general a sufficient quantity of LCPUFA, including DHA and arachidonic acid (20:4ω6; AA) to serve these needs. However, the LCPUFA composition of human milk is to a great extent dependent on the maternal diet [1] . Therefore in North Pakistan, low breastmilk ω3-(LC)PUFA levels might be expected, because of the predominant use of ALA-poor corn oil and ghee, the low intake of green leafy vegetables (a source of ALA) and almost no consumption of, ω3-LCPUFA rich, fish [2] . In a previous study we found low erythrocyte (RBC) DHA levels in malnourished, mostly breastfed, 4-56 months old children, living in the area of Islamabad, North Pakistan [3] . The low Pakistani milk ω3-LCPUFA content is presumably caused by low fish consumption in North Pakistan [2] . In this respect it is noteworthy that fish intake in The Netherlands is also considered to be low, which is reflected in relatively low plasma phospholipid DHA content compared to other countries [4] . The milk ω3-LCPUFA contents were nevertheless two times lower in the Pakistani than that in the Dutch samples.
A strong positive correlation between breastmilk DHA levels and infant plasma and RBC phospholipid DHA in 12 weeks old exclusively breastfed children has been reported by Gibson et al. [5] . Similarly, we observed a strong correlation between breastmilk DHA and EPA contents on the one hand and infant RBC DHA content on the other hand. This is of particular interest, since the children in the present study were much older (4.5-21 months) and weaned. It suggests that the DHA status of these malnourished children is still strongly dependent on the DHA and EPA intake from breastmilk and probably much less on the ω3-PUFA intake from weaning food. Prolonged breastfeeding of these malnourished Pakistani children seems therefore not only important for its anti-infective properties and other favourable effects, but also as the major source of dietary ω3-LCPUFA.
Apart from the adequate supply of LCPUFA, of course many more factors are important for cognitive function. Overall nutritional status, iron, iodine and zinc deficiency, seem all to be related to mental development. Finally, poor social and family circumstances and a less stimulating environment could also affect later achievements. These unfavourable conditions do prevail in circumstances where malnutrition is often encountered [6] . 
Effect of supplementation of arachidonic acid (AA) or a combination of AA plus docosahexaenoic acid on breastmilk fatty acid composition

Introduction
Long chain polyunsaturated fatty acids (LCPUFA) are structural components in cellular membrane phospholipids and precursors of eicosanoids [1, 2] . Arachidonic (20:4ω6, AA), an LCPUFAω6 and docosahexaenoic (22:6ω3, DHA), an LCPUFAω3 are the quantitatively most important LCPUFA in brain. Their contents increase at least until 2 years after birth [3] . Present knowledge indicates that LCPUFA are conditionally essential in the perinatal period, because the foetus and (preterm) new-born do not seem to synthesise sufficient amounts of AA and DHA from their precursors linoleic (18:2ω6, LA) and linolenic (18:3ω3, ALA) acid, respectively, to cover their high needs [1, 4, 5] . DHA status is related to e.g. visual acuity [4, [6] [7] [8] , neurodevelopment [9] [10] [11] [12] [13] [14] behaviour [15, 16] and brain growth [17] , while AA, but also DHA, seems to be associated with bodyweight and growth [17] [18] [19] [20] [21] [22] .
Human milk contains a full range of polyunsaturated fatty acids (PUFA), including small amounts of the whole series of LCPUFAω6 and LCPUFAω3 found in cellular membranes [23, 24] . The fatty acid (FA) composition of human milk is, however, to a certain extent dependent on the maternal diet [25, 26] . DHA levels are much higher in milk of women 84 with high intakes of marine foods [27] [28] [29] or LCPUFAω3 enriched eggs [30] . On the other hand, milk AA content does not seem to be so much influenced by the diet [12, 28, [31] [32] [33] . Higher levels of AA were, however, reported in milk from Egyptian, Malaysian and Chinese women as compared to milk from women living in Western countries [34] [35] [36] . Also within China, milk AA differed between 5 distinct geographic regions with different dietary patterns [29] . In Pakistan, we found lower AA levels in milk of women who nursed malnourished children compared to Dutch controls [37] .
Several supplementation studies with fish oil, rich in LCPUFAω3 [26, 38, 39] or DHA [40] have shown dose-dependent effects on breastmilk eicosapentaenoic acid (20:5ω3; EPA) and DHA levels. No significant effects of fish oil or DHA supplementation on breastmilk AA levels were observed in three of these reports [26, 38, 39] , while a slight AA decrease was shown in the other [40] . To our knowledge no studies have as yet addressed the question whether AA supplementation affects the human milk FA composition. In this study we investigated the effect of a daily supplement of AA (about 300 mg) or a combination of AA, EPA and DHA (300 mg AA, 110 mg EPA and 400 mg DHA) on the human milk PUFA composition. These supplements were given during one week. A third group of unsupplemented women served as controls.
Subjects and methods
Subjects and study design
The study was carried out in the Spafford Children Clinic in the Old City of Jerusalem. Mothers who were breast-feeding for a period between 3 and 10 months were recruited to participate. They were randomly allocated to receive daily supplements of 0.8 ml AA oil (OPTIMAR, Gist-Brocades, The Netherlands), 2.5 ml of a combination of AA and DHA oil (0.8 ml AA oil and 1.7 ml DHA oil (EPAX 0626 TG, Gist-Brocades, The Netherlands)), or to serve as unsupplemented controls. Supplements (see below) were taken during one week. Milk samples were collected on days 0 (baseline), 1 and 7. All women gave their informed consent. The study protocol was in agreement with local ethical standards and the Helsinki declaration.
Twenty-nine mothers participated in the study. Ten received AA oil, 9 AA+DHA oil and 10 served as controls. The first milk sample was collected immediately prior to the intake of the first supplement on day 0. The next sample was taken on the following day in the morning before the intake of the supplement (day 1), while the last sample was taken in the morning of day 7. Milk samples of controls were collected at the same clock times. All milk samples (about 5 ml) were taken manually, midstream and from the same breast. Two women in the control group did not report for follow-up, and the first sample of a woman in the AA+DHA group got lost during processing. These three women were excluded from the study. Not excluded were 2 other women, one in the control group and one in the AA group, of whom the sample of day 7 was missing. The final study group was composed of 26 women, of which 10 received AA and 8 AA+DHA. Eight women served as unsupplemented controls. 
Supplements
The FA compositions of the AA and AA+DHA oil supplements, as analysed by us, are given in Table 1 Data represent a selection of fatty acids, expressed in mol% (mol/100 mol). Abbreviations: SAFA, saturated fatty acids; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; LCPUFA, long chain PUFA (C≥20, double bonds ≥3). Women were supplemented with either 0.8 ml AA oil or 2.5 ml AA+DHA oil.
Sample processing and analysis
The milk samples were immediately put in a refrigerator and then stored at -20°C. They were transported to The Netherlands in dry ice. FA measurements were done with our previously reported methods by capillary gas chromatography with flame ionisation detection [41, 42] . 
Statistics
Within-group differences in milk FA compositions on days 0, 1 and 7 were analysed with the Wilcoxon signed-rank test. Between-group differences were analysed with the Mann Whitney-U test. P<0.017 (adjusted for Bonferroni inequality rule type-I errors) was considered significant. All statistical analyses were done with SPSS (SPSS 8.0 for Windows, SPSS Inc, Chicago, IL, USA).
Results
The AA, AA+DHA and control groups did not differ in age (median [range]) (23 years [21] [22] [23] [24] [25] [26] [27] , 24.5 [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] , 23 [20] [21] [22] [23] [24] [25] [26] [27] [28] , resp.), number of children (2 [1] [2] [3] [4] [5] , 3 [1] [2] [3] [4] [5] [6] [7] , 2 [1] [2] [3] [4] [5] [6] , resp.) and duration of lactation (4 months [3] [4] [5] [6] [7] [8] [9] [10] , 6 [3] [4] [5] [6] [7] [8] [9] [10] , 5 [3] [4] [5] [6] [7] [8] [9] [10] , resp.). Their milk PUFA contents and some ratios on days 0, 1 and 7 are presented in Table 2 . Figure 1 depicts the courses of AA, EPA and DHA for the three subgroups. 
3.2.3.2
Within-group differences.
The control group did not exhibit changes in milk PUFA during the 1 week study period.
The AA group showed a decrease of 22:5ω6 from day 0 to day 1 (p=0.007). In the AA+DHA group 20:5ω3 (p=0.012) and LCPUFAω3 (p=0.012) increased from day 0 to day 1. From day 1 to day 7 18:3ω3 (p=0.012), the 20:4ω6/22:6ω3 ratio (p=0.012) and the LCPUFAω6/LCPUFAω3 ratio (p=0.012) also increased. Decreases were observed for the LCPUFAω6/LCPUFAω3 ratio from day 0 to day 1 (p=0.012) and the 18:2ω6/18:3ω3 ratio from day 1 to day 7 (p=0.012).
Discussion
We investigated the effects of a one week daily supplementation with about 300 mg AA (AA group) and a combination of about 300 mg AA, 110 mg EPA and 400 mg DHA (AA+DHA group) on the breastmilk PUFA composition of healthy mothers in their 3rd-10th month of lactation. Midstream milk samples were collected on days 0, 1 and 7 at the same clock time in the morning, prior to supplement intake. A midstream sample is known to provide a representative reflection of the milk FA composition [43] . We found that the intake of AA alone had no effect on breastmilk AA, but that it tended to reduce LCPUFAω3 levels (Table 2, Figure 1 ). In contrast, the milk AA content of the AA+DHA group showed a tendency to increase. The EPA and LCPUFAω3 contents of the AA+DHA group were significantly higher after 1 day, but had returned to baseline levels after 1 week. The lowering effect of the AA supplement on milk LCPUFAω3 became apparent by lower EPA and DHA levels on days 1 and 7 of the AA group compared with the AA+DHA group. The control group held an intermediate position ( Figure 1 ). This is to our knowledge the first report on the effects of AA supplementation on human breastmilk FA composition. Such investigations might have been hampered by the uniformity of the breastmilk AA content, despite the differences in dietary AA intakes [12, 28, [31] [32] [33] , and the possible adverse effects of an extremely high AA intake (6 g daily) on prostaglandin synthesis [44] . We estimated the daily AA intake of the women in our study at 200 mg or less, taking into account a daily AA intake of 200-1000 mg by omnivorous US adults [45] , and the relatively low intake of AA rich food products like meat and eggs of our study population. Therefore we considered the present 300 mg AA supplement to be safe, since the resulting total daily intake of around 500 mg AA would be well within the range for US adults. Moreover, a recent study in healthy adults using an AA rich oil, resulting in an AA intake of 1700 mg per day, showed no adverse effects on health [46] . Even higher amounts of AA (3.6 g) were reported to be harmless, but in that study the AA supplement was accompanied by DHA [47] . The women in this study reported no adverse effects of the supplementation on health.
Breast milk AA levels are remarkably similar in omnivores, vegetarians and vegans [32, 33] . For Chongqing Chinese women the general belief is that they have to replenish their body nutrient stores after a pregnancy. Therefore a daily consumption of more than 8 eggs, 200 g chicken meat and 50 g pork (approximately 1100 mg AA, based on food AA content given by reference 48) is not uncommon during the first months after delivery. Yet, they showed no significantly higher milk AA content than their urbanised counterparts from Hong Kong (0.76 vs 0.61 wt%) with an estimated six times lower AA intake [36] . The higher milk AA levels reported from Asian and African countries compared to Western countries [29, [34] [35] [36] are probably caused by other factors than AA intake. Chen et al. [36] have suggested that they are due to higher intakes of trans FA in Western countries, since these are known to inhibit essential FA desaturation and elongation. The low milk AA levels encountered in Northern Pakistan [37] probably reflect the poor essential FA status of these women. In view of the above, it may be expected that a moderate AA supplementation would not change milk AA levels of adequately nourished healthy women, and this is indeed what we observed in the present study.
The effects of fish oil (i.e. EPA+DHA) or DHA supplements on the breastmilk FA composition are well documented. They demonstrate a positive relation between their dietary intakes and breastmilk contents [26, [38] [39] [40] . AA levels were slightly reduced in one of these studies. Makrides et al. [40] showed a small decline of breastmilk AA after 12 weeks supplementation with various DHA dosages (0.2, 0.4, 0.9 and 1.3 g DHA daily). The women consuming 0.9 g DHA daily had significant lower breastmilk AA levels compared to the control group (0.33±0.06 g% vs 0.41±0.06 g%). A decrease of milk AA levels after fish oil supplementation might be a reason for concern, notably in those women with marginal baseline LCPUFAω6 status, like Pakistani women [37] . That an adverse effect of LCPUFAω3 supplementation on the breastmilk AA content can be counteracted by coadministration of AA is suggested by the results of the present study, in which we used a 90 combination of 300 mg AA, 110 mg EPA and 400 mg DHA. This combination even caused a tendency of AA to increase, which was not found after supplementation with AA alone. Somewhat to our surprise we found that in this group milk EPA and LCPUFAω3 were only moderately increased after 1 day of supplementation and that these changes had disappeared after 1 week. An adverse effect of the AA supplement on milk LCPUFAω3 is probably the underlying cause of the much smaller changes in milk LCPUFAω3 levels compared to other studies in which similar LCPUFAω3 dosages, but no AA, have been used [39, 40] . This observation may be on account of the well known competition between AA on the one hand and EPA and DHA on the other [1] , resulting in a slight preference for AA incorporation into milk lipids at the presently employed LCPUFAω6/LCPUFAω3 ratio and total LCPUFA dosage.
We conclude that one week supplementation with a moderate dose of 300 mg AA per day has no significant effect on breastmilk AA, but tended to decrease the milk LCPUFAω3 content. However, administration of a combination of 300 mg AA plus 110 mg EPA and 400 mg DHA, tended to increase both milk AA and LCPUFAω3 content. A larger simultaneous increase of milk AA, DHA and EPA can probably be accomplished by the use of a combination of a lower LCPUFAω6/LCPUFAω3 ratio and higher AA, EPA and DHA dosages than employed in the present study. 42 .
Steege G. van der, Muskiet F. A. J., Martini I. A., Hutter N. H., Boersma E. R. Simultaneous quantification of total medium-and long-chain fatty acids in human milk by capillary gas chromatography with split injection. children score higher on mental development and visual acuity tests than formula fed children [10, 11] , which could possibly relate to their higher LCP status, notably that of 22:6ω3 [12, 13, 14] . Docosahexaenoic acid, or 22:6ω3 plus 20:4ω6, are nowadays added by many manufacturers of formulas for preterm babies and to a lesser extent for term infants [8, 9] . Such formulas augment LCP status and have in preterm infants been shown to cause transient improvement of neurodevelopment [15, 16] . The results in term infants are, however, equivocal [17, 18] .
Use of the human milk FA composition as the gold standard is hampered by its dependence on the maternal diet [19, 20] and uncertainty regarding the appropriate maternal diet. For instance, the milk medium chain FA content can be drastically increased by a high carbohydrate intake [20, 21, 22] . Milk 18:2ω6 and trans-FA contents are related to maternal 18:2ω6 [22, 23] and trans-FA intakes [5] , respectively, and 22:6ω3 levels are much higher in milk of women with high intakes of marine foods, fish oil or LCPω3 enriched eggs [24, 25, 26, 27, 28] . On the other hand, the milk 20:4ω6 content does not seem to be influenced much by the diet [29, 30, 31] or 20:4ω6 supplementation [32] . Dietary habits in the Western world have changed drastically over the last 200 years. Among these are a higher fat intake at the expense of carbohydrates, intake of 18:2ω6-rich, 18:3ω3-poor, vegetable oils and margarines for cholesterol lowering, use of trans-FA rich hydrogenated fats, and declining fish consumption. It is e.g. estimated that these changes altered the dietary ω6/ω3 ratio from around 1:1 to 10:1 in Europe and the USA [33, 34] , and to 4:1 in Japan [35] . All of these changes have affected the human milk composition [5, 33] .
There have been several reviews on the mature milk FA composition in different countries [4, 5, 19] . Fortunately there is no influence of the clock time or method of sampling on the FA composition [19] . Comparisons to arrive at a reasonable estimate of biological variation (CV biol ) are, however, difficult if not impossible, since the underlying data represent some combination of genuine CV biol and (usually unknown) analytical precision and accuracy. Precision is very much dependent on the (relative) amount of analyte [36] , and standardization to minimize the bias is difficult because of the poor availability of certified standard FAs. Most investigators rely on the relation between the relative gas chromatographic peak areas of the analyzed FA methyl esters and their relative weight amounts (g%), but this relation might be seriously affected by evaporation steps in the preanalytical phase and injector-related discrimination in the analytical phase, which both jeopardize any analysis of homologous series with highly different boiling points [37] . Another analytical imperfection may derive from the use of different capillary gas chromatographic columns, since it is well known that the FA separation characteristics are dependent on the polarity of the employed stationary phase [38] .
We have over the last 25 years collected mature breast milk samples from 11 different regions, including The Netherlands, Caribbean Region, Jerusalem, Tanzania and Pakistan. All samples were analyzed in the same laboratory with a single analytical technique, i.e. that of high-resolution capillary gas chromatography-flame ionization detection with an apolar stationary phase and use of odd carbon numbered medium chain FAs and margarinic acid (17:0) as internal quantification standards [36] . Using this data set and the previously reported between-series precision of our method, we estimated the genuine CV biol of the analyzed milk FAs. 
Materials and methods
Milk samples
A total of 465 mature breast milk samples were collected over the last 25 years. Analysis took place soon after collection. The regions from which these samples derived were: The Netherlands [n=222: 99 collected at mean (SD) postnatal days 14.4 (3.5), 98 at day 42.1 (2.7) and 25 at day 89.2 (5.6)], Antigua (n=23), Belize (n=10), Curaçao (n=47), Dominica (n=17), St. Lucia (n=12), St. Vincent (n=30), Surinam (n=20), Jerusalem (n=63), Tanzania (n=11) and Pakistan (n=10). The 159 samples from Antigua, Belize, Curaçao, Dominica, St. Lucia, St. Vincent and Surinam will be collectively referred to as deriving from the 'Caribbean Region'. Data on the FA compositions of The Netherlands [9] , Tanzania and the Caribbean Region [21] , Jerusalem [32] and Pakistan [39] have been published before. Milk from Dutch mothers derived from 24-hour samples that were collected by vacuum pump. Ten percent was kept for analyses and the remainder was administered to the baby by bottle or cup. The milk from all other women were midstream samples of about 5 ml that were collected by manual expression.
Sample processing and analysis
The milk samples were immediately put in a refrigerator and then stored at -20 0 C. Samples from abroad were transported to The Netherlands in dry ice. The FA composition of the milk was analyzed by capillary gas chromatography with split injection and flame ionization detection [36] . Medium chain FAs (MCFA; C 6 -C 14 ) were calculated with the bracketing method [37] , whereas long chain FAs (≥C 16 ) were quantified on the basis of 17:0 as an internal calibration standard assuming that equal weight amounts of FAs give rise to equal peak areas [40] . All data are expressed in mol/100 mol.
Data processing and statistics
The analytical variation (CV anal ) was taken from the series-to-series precision of 26 of the 28 FAs as previously reported by us [36] . Based on the inverse relationship between FA contents (mol%) and their CV anal (in %) we estimated the CV anal of the two unknowns, i.e. 18:3ω3 and 22:5ω6, at 5 and 15%, respectively. The inter-individual CV biol was calculated from the observed variation (CV obs ) by the following equation: CV biol = √(CV 2 obs -CV 2 anal ).
Results and discussion
Different views on the variation of the human milk FA composition are illustrated by the titles of two articles: 'Uniformity of human milk' published in 1979 [3] and 'Milk composition in women from five different regions of China: The great diversity of milk fatty acids' published in 1995 [41] . Koletzko et al. in their review on the FA composition of milk from Europe and Africa [4] , concluded that saturated FA (SAFA), monounsaturated FA (MUFA), 18:2ω6 and LCPω3 are to a certain extent depended on the maternal diet, while LCPω6 are hardly affected. Apart from diet, milk FA composition is to a certain extent influenced by other factors like time postpartum, gestational age, parity and certain diseases [5, 19] . The CV obs of the breast milk FA is however not a synonym for the genuine CV biol , since it also contains CV anal . We also noticed that the 20:3ω9/20:4ω6 ratio in milk of Pakistani was amongst the highest and the 18:2ω6 content amongst the lowest of all samples (Figure 1 ). The 20:3ω9/20:4ω6 ratio is considered to be a general marker of essential FA deficiency in plasma and erythrocytes [6] , but its usefulness in milk has not been fully established. The milk of the Jerusalem women had the highest ω6, PUFA, ω9 and MUFA contents, notably on account of highest 18:2ω6 and 18:1ω9, respectively. This profile is consistent with predominant local use of corn, sunflower and olive oils. The milk of the Tanzanian women was especially rich in MCSAFA, notably 12:0 and 14:0, most probably because of the high consumption of carbohydrates, which are known to be converted into MCSAFA in the human breast [42] . The milk of the Caribbean mothers contained the highest LCPω3, 22:6ω3, LCPω6, 20:4ω6 and LCP and fair amounts of MCSAFA, which may be consistent with high consumption of fish and carbohydrates. Figure 2 shows the previously reported CV anal [36] , together with the CV biol , as calculated for all human milk samples, except for those of Pakistan. The Figure indicates that The very high CV biol of 20:5ω3 and 22:6ω3 are somewhat artificial, since the distributions of these FAs are skewed to the right. Correction for non-Gaussian distribution proved however impossible by lack of the original quality control data. It is well known that ingestion of fish oil rapidly augments the 20:5ω3 and 22:6ω3 contents of human milk [27] , which conceivably makes them subject to both large inter-and intra-individual variation. The majority of FAs (n=15) showed a CV biol ranging from 25 to 40%. The rather high CV biol is notably remarkable for 20:4ω6 (28.0%). Supplementation of (omnivorous) lactating mothers with 300 mg 20:4ω6 for 1 week did not augment their milk 20:4ω6 in our previous study [32] , and omnivores, vegans and vegetarians have comparable milk 20:4ω6 contents [31, 33] . Chen et al. [29] have suggested that the milk 20:4ω6 content may partially depend on trans-FA intakes, but it is unlikely that these FAs are at the basis of the FAs. This could be due to high inter-individual variation in the low amounts of vegetable oils consumed by these women. Taken together it seems that the highest CV biol is encountered for those milk FAs that are affected by short-term dietary intakes (such as 20:5ω3 and 22:6ω3 from fish and fish oil and MCSAFA from carbohydrates). The resulting high intra-individual variation of these FAs might be an important factor in their encountered high inter-individual variation.
We conclude that the CV anal of the human milk FA composition is low compared with the genuine inter-individual CV biol . The largest CV biol was observed for the short-term dietary dependent 20:5ω3 and 22:6ω3, and the smallest for those that derive mainly from adipose tissue (16:0 and 18:1ω9). In view of the large CV biol and the many dietary changes in recent history it seems impossible to consider the present human milk FA composition as the 'gold standard' for infant formula manufacturing. The optimal human milk FA composition should rather derive from populations that consume traditional diets consistent with our genetic background. A more practical and objective approach is to base it on scientific data that show the functions of the individual FAs in neonatal development.
Introduction
Human milk is the single best food for babies and young infants [1, 2] . Its superiority relates to many factors, including its specific fatty acid (FA) composition. Some studies have stressed the uniformity of the human milk FA composition [3, 4] , but Jensen [5] recently pointed out that the range of milk FA contents is wide and that there is lack of sufficient reliable data showing the ranges of the biologically important species. This information is e.g. important for the manufacturing of infant formulas, since the human milk composition is still considered to be the 'gold standard' for most nutrients.
One class of biologically important FAs in breast milk are long chain polyunsaturated FAs (LCPs), including arachidonic acid (20:4ω6) and docosahexaenoic acid (22:3ω6). LCPs (≥20 carbon atoms and ≥3 double bonds in the methylene-interrupted cis-configuration) derive either from the diet (mainly meat and fish, respectively) or from desaturation, chain elongation and chain shortening of the two parent essential FAs, linoleic acid (18:2ω6; ω6 series) and α-linolenic acid (18:3ω3; ω3-series). They are structural components of virtually all cell membrane phospholipids and precursors of biologically active eicosanoids and hydroxy FAs [6] . The two quantitatively most important LCPs in brain are 20:4ω6 and 22:6ω3, and their contents increase until at least 2 years postpartum [7] . Formula fed babies have for long been known to have lower LCP status than breast-fed infants, since LCPs are not present in the vegetable oils that constitute the basis of infant formulas [8, 9] . Breast fed
Human milk is the single best food for babies and young infants [1] . Its superiority relates to many factors, including its specific fatty acid (FA) composition. The FA composition of human milk is, however, strongly dependent on maternal diet and to a small extent affected 105 by other factors like time postpartum, gestational age, parity and certain diseases [2] . Together these, and probably other, factors give rise to high inter-individual biological variation [3] . Most national and international authorities have based their recommendations for the manufacturing of infant formulas on mature human milk FA composition as the gold standard [4] . Possibly because of lack of additional information, these 'standards' are mostly based on milk obtained from mothers with Caucasian ethnicity, consuming typically western diets. For instance, based on human milk data derived from Sweden, Germany and the United Kingdom, the ESPGHAN recommends a formula linoleic acid/α-linolenic acid (18:2ω6/18:3ω3) ratio around 10 g/g, with a range of 5-15 [5] . Yet there are several reasons why not only milk from western women should be taken into consideration. First, at present there is no scientific evidence that the composition of breastmilk obtained from Caucasian women is superior to that of other ethnic populations. On the contrary, motor development of breastfed black children from African descent is often precocious as compared to Caucasian breastfed children raised in Western countries [6] . Second, there is growing concern regarding the tremendous changes in the intakes of total fat, ω6 and ω3FA and trans-FA over the past 100-150 years in western countries [7] , which may each have influenced the present western human milk FA composition [2] . On the other hand, due to increased migration, many non-Caucasian ethnic populations (with their typical dietary patterns) have settled in the USA and Europe, and many Europeans and North-Americans have included food from Asian, African and South-American countries into their diets.
Next to human milk, recommendations may also be based on estimated requirements or proposed potential beneficial effects of supplementation of certain FA. The minimal requirement of 18:2ω6 is estimated at 1% of energy, which together with a safety margin has resulted in a recommendation of a minimum of 11 g% 18:2ω6. A maximum intake to prevent untoward effects was set by ESPGHAN at 20 g% [5] . Another expert panel provided a wider margin for 18:2ω6 with a minimum of 8 g% and a maximum of 35 g% of total FA [8] . The latter recommendations were based on the large range in human milk samples and the observation that no adverse effects have been reported of formulas with LA beyond 35% as used in the past. There is good evidence from randomized controlled trials that enrichment of formula with long-chain polyunsaturated FA (LCP), notably 22:6ω3, improves early cognitive and visual development, especially in preterm and possibly also in term newborns (reviewed in references 9-11). Although, these effects seem to be transient, they have nevertheless been the basis for recommendations by several authorities to add 22:6ω3 and 20:4ω6 to infant formula for preterm and also term infants [12] [13] [14] [15] . Others were more hesitant to include LCP in formula for term children and advised addition of LCP, but not beyond 1 and 2 g% for 22:6ω3 and 20:4ω6, respectively [5, 16, 17] . The American Life Sciences Research Office (LSRO) did not recommend addition of 22:6ω3 and 20:4ω6 to infant formulas for term newborns in 1998, but wished to reassess their point of view within 5 years when the results of more randomized controlled trials will be available [8] .
We were interested to investigate whether current recommendations for term infant formula FA composition comply with that of human milk obtained from different populations living in a wide range of industrialized and non-industrialized countries. For this purpose we projected these recommendations on a human milk FA data set that we have compiled over the past 25 years. To provide more realistic grounds for future recommendations based on FA balance we also investigated the interrelationships between various milk FA. 
Materials and methods
Milk samples
A total of 455 mature breast milk samples were collected over the past 25 years. The countries and places from which these samples derived were: The Netherlands (n=222), Antigua (n=23), Belize (n=10), Curaçao (n=47), Dominica (n=17), St. Lucia (n=12), St. Vincent (n=30), Surinam (n=20), Jerusalem (n=63) and Tanzania (n=11). The samples from Antigua, Belize, Curaçao, Dominica, St. Lucia, St. Vincent and Surinam (n=159) will collectively be referred to as deriving from the 'Caribbean Region'. Data on the milk FA compositions in The Netherlands [18] , Tanzania and the Caribbean Region [19] and Jerusalem [20] have been published before. The Dutch women were of Caucasian origin and those from the Caribbean region were of African origin with eating habits varying between western and traditional diets. The Jerusalem women were of Middle-Eastern origin (Palestinians) and those from Tanzania of African origin. The latter two consumed local traditional diets.
The original data were calculated in mol%, but were recalculated to g% for the present study. Milk from Dutch mothers derived from 24-hour samples that were collected by vacuum pump. Ten percent was kept for analyses and the remainder was administered to the baby by bottle or preferably by cup. The milk samples from all other women were midstream samples of about 5 ml that were collected by manual expression. The milk samples were immediately put in a refrigerator and then stored at -20 0 C. Samples from outside The Netherlands were transported to The Netherlands in dry ice. All FA compositions of the milk samples were analyzed by capillary gas chromatography with split injection and flame-ionization detection in the same laboratory [21] .
Recommendations
To standardize current recommendations and to enable their comparison with human milk FA data we recalculated the recommendations, if necessary, into g% of total FA. The following recommendations for the formula FA composition were investigated (see Table  1 
Results
Prevalence of human milk samples with FA contents beyond formula recommendations
Milk fatty acid interrelationships
Correlation coefficients for the association between selected milk FA of the whole data set are shown in 
Discussion
We investigated whether current recommendations for the formula FA composition comply with the FA composition of a large data set of human milk samples derived from geographically distinct populations. The aim of our study is not to disqualify human milk on the basis of its FA composition, nor to disqualify current recommendations, but rather to point at discrepancies and their possible causes. By emphasizing the interrelationships between human milk FA, we propose a more integrated approach that might be of use for future recommendations of the formula FA composition.
Our data showed that especially breastmilk from women living in non-western communities did not meet the recommendations for 12:0, 14:0 and 18:2ω6 (Table 1) . This is not surprising in view of the fact that current recommendations for formula FA composition are mainly based on milk from Caucasian mothers consuming predominantly typically western diets. The discrepancies are probably caused by the higher intakes of carbohydrates by women eating non-western diets, which are known to increase mammary gland de novo synthesis of 12:0 and 14:0 [23] . These dietary habits are apparently associated with lower milk 18:2ω6 contents, as illustrated by the inverse relations between 12:0, 14:0 on the one hand and 18:2ω6 on the other (Table 2 ).
Another discrepancy between recommendations and actual milk FA composition regards the 18:3ω3 content. A high percentage of human milk samples did not reach the 18:3ω3 ≥1.75 g% and 18:2ω6/18:3ω3 ≤15 g/g criteria, and even the less stringent recommendations of 18:3ω3 ≥1.0 g% and 18:2ω6/18:3ω3 ≤16 g/g were met by no more than 48 and 70% of all investigated samples, respectively. A high 18:3ω3 content and a low 18:2ω6/18:3ω3 ratio stimulates, up to a certain extent, the synthesis of LCPω3 in newborns [24] . In contrast to many formulas, human milk contains LCPω3 and breastfed babies have consequently better LCPω3 status, compared to babies receiving formula without LCPω3 [25, 26] . It implies that, from the point of view of 'balance', there might be a need in the future to define some relationships between 18:2ω6, 18:3ω3 and their long chain metabolites, notably for those formulas containing each of these FA.
The most striking discrepancies were observed for 20:4ω6 and 22:6ω3. These are caused by the wide differences in present recommendations. The LSRO does not advice addition of 20:4ω6 and 22:6ω3 [8] , whereas the FAO, the International Workshop on the essentiality of and recommended dietary intakes for ω6 and ω3 FA, and the Health Council of the Netherlands recommend rather high amounts [12] [13] [14] . For 20:4ω6, the upper limit of 1 g% as set by the UK Statutory Instrument [16] is close to the lower limit of 0.8 g% issued by the FAO [13] . The FAO criteria for 20:4ω6 (i.e. ≥0.8 g%) and 22:6ω3 (≥0.4 g%) were met by only 4 and 24% of all milk samples, respectively. The observation that fish intake increases milk 22:6ω3 [27, 28] , is e.g. reflected in the samples of Caribbean women. Especially women from the island of Dominica had high milk 22:6ω3 (up to 2.1 g%), which by far exceed the UK Statutory Instrument recommendation of LCPω3 ≤1 g%. On the other hand, about 10% of the Dutch and Palestinian women had milk 22:6ω3 as low as 0.1 g%, probably reflecting low fish intake by these women. In contrast to 22:6ω3, milk 20:4ω6 seems almost unaffected by either short-term or long-term dietary changes [28] [29] [30] . We found both the lowest and the highest milk 20:4ω6 (0.3 and 1.1 g%, respectively) in the Caribbean women (data not shown). Recently the Child Health Foundation [15] advised amounts of ≥0.35 g% for 20:4ω6 and ≥0.2 g% for 22:6ω3, which are around half of the amounts as recommended by the FAO and the International Workshop [12, 13] . It seems that there is at present little agreement on the recommended 20:4ω6 and 22:6ω3 contents. As suggested previously, future recommendations might be based on the human milk 113 balance of parent essential FA and their metabolites or, on randomized controlled trials that show benefits of the investigated compositions on e.g. growth and neurodevelopment of formula fed infants [4, 11] .
The breastmilk FA composition differs between various populations and these differences are probably mainly on account of different diets. We therefore suggest using interrelationships between human milk FA as the basis for future recommendations, since they reflect the naturally occurring physiological balance. Table 2 shows that almost all of the qualitatively and quantitatively most important FA were either positively or negatively related. This is partially caused by a, so-called, closure effect (i.e. all FA add up to 100%). It may however be proposed that a humanized formula FA composition would be any composition that cannot be distinguished from that of human milk on the basis of this FA balance. Examples of non-balanced FA compositions in this sense are depicted in Figure 1 , which shows that many formulas complied with recommendations in a univariate sense, but not so when studied in a two-dimensional model. Proof of balance would become more complicated if all current 28 milk FA are to be taken into account simultaneously. The solution might be the construction of a multivariate model in which the relations between all FA are studied simultaneously by means of e.g. principal component analysis. But even if the FA composition of formula would resemble that of human milk many other factors will yet remain unaccounted for. Examples are the FA (stereo) chemical sn-locations and combinations on the glycerol moieties of either phospholipids or triglycerides, the complex interaction with other components in human milk, and the immunological and psychological aspects of breastfeeding [1, 4, 31, 32] .
In conclusion, we have shown that the human milk FA composition of different populations is often beyond FA recommendations for infant formula. These discrepancies are mainly caused by basing FA recommendations on breastmilk of mothers living in western countries (i.e. 12:0, 14:0 and 18:2ω6). Furthermore, current recommendations compensate for the lack of 22:6ω3 by increasing the recommended amounts of 18:3ω3. Finally, recommendations for LCP are poorly developed because of lack of solid long-term evidence. In view of the encountered strong human milk FA interrelationships, it is proposed that future recommendations may also derive from this physiological balance, that reflects the outcome of mammary gland de novo synthesis, transport, metabolism, competition and many other complex, mostly genetically determined, biochemical processes. A humanized formula FA composition would in that sense be any composition that cannot be distinguished from that of human milk by techniques such as principal component analysis.
